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Description 

[0001] The present invention relates to a process for producing polymer beads incorporating solid particles. The 
polymer beads produced by the process of the present invention are particularly suitable for use as ion exchange 
5 resins. The invention further relates to the polymeric beads and to ion exchange resins incorporating the polymeric 
beads. 

[0002] Ion exchange is widely used as a technique for removing contaminants from water. Ion exchange techniques 
involve passing water through a packed bed or column of ion exchange resin. Contaminant materials are adsorbed 
onto the ion exchange resin. Ion exchange resins are particularly suitable for removing contaminants from water. 

10 [0003] Crosslinked polymer beads that are physically like ion exchange resins but without the ion-exchanging func- 
tional groups are also capable of adsorbing organic contaminants from water; one such resin used for this purpose is 
XAD resin. Some of the contaminant removal capacity of ion exchange resins observed in practice may be due to 
adsorption by the polymeric matrix of the resin. 

[0004] For ease of handling in use, the above crosslinked polymer beads with or without ion exchange functionality 

^5 should be substantially spheroidal or ellipsoidal in form, ideally they should be substantially uniform in size and free of 
very small particles. This enhances the flow properties of the dry resin or a concentrated suspension in water so that 
the resin can be metered or pumped. Such beads can be made by polymerisation of a dispersed monomer phase. 
[0005] In addition, resin containing dispersed particulate material may enhance the ease of separation either by 
increasing the density of the resin bead or by providing another property such as magnetic susceptibility which can be 

20 used to separate the resin from the water. Resins incorporating magnetic particles flocculate and settle rapidly by 
magnetic attraction. Such particulate material should be incorporated into the resin bead in a manner that prevents its 
loss by erosion or dissolution during use. It is highly desirable that the particulate material should be dispersed evenly 
throughout the polymer bead. Improved mechanical strength is a further benefit of even particulate dispersion. This 
had been difficult to achieve until now. 

25 [0006] Processes for the manufacture of magnetic ion exchange resins have been described in some prior art patents. 
For example, United States Patent No. 2,642,514 assigned to American Cyanamid Company, discloses an ion ex- 
change process using a mixed ion exchange resin. One of the ion exchange resins is a magnetic resin. The magnetic 
resin is produced by polymerising a reagent mix until a viscous syrup is obtained. Magnetite is added to the viscous 
syrup and the mixture is agitated to mix in the magnetite. The mixture is cured to form a hard resin that is subsequently 

30 ground to form irregular particles of magnetic resin. 

[0007] European Patent Application No. 0,522,856 in the name of Bradtech Limited also discloses the manufacture 
of magnetic ion exchange resins by grinding or crushing a polymer having magnetite dispersed throughout the polymer 
matrix. The processes for producing magnetic ion exchange resins disclosed in U.S. 2,642,514 and EP 0,522,856 
require a grinding step, which increases the cost and complexity of the process and increases losses due to the for- 

35 mation of polymer particles outside the desired particle size range during the grinding step. 

[0008] An alternative process for producing magnetic ion exchange resins is described in Australian Patent Appli- 
cation No. 60530/80 in the name of ICI Australia Ltd. In this process, magnetic porous crosslinked copolymer particles 
are produced by a dispersion polymerisation process. A mixture of polymerizable vinyl compounds, magnetic powder, 
polymerisation initiator and suspension stabilizer is dispersed in water and polymerised. 

40 [0009] A similar process for producing magnetic ion exchange resins is described in Japanese Patent Application 
No. 62141071 in the name of Mitsubishi Chemical Industries K.K. In this process it is preferred to add an electron 
donor substance such as polyvinyl pyridine-styrene copolymer, polyacrylamide-styrene copolymer or polyvinyl imida- 
zole copolymer to the mixture in order to stabilise the dispersion of magnetic powder. According to the patent, the 
dispersion treatment is important for stabilising the dispersed state so that the rate of settling of the magnetic powder 

45 is reduced by breaking up magnetic particles which have clumped together in secondary or larger particles into primary 
particles. Furthermore, it is necessary to use dispersion equipment which differs from normal mixing equipment, with 
special mixers being required. 

[0010] GB 2099000A in the name of Yuka Badische KK. discloses inorganic fillers containing polymerisable compo- 
sitions containing vinyl monomer, inorganic filler, asilane coupling agent and asilane coupling accelerator. 
50 [001 1] DE 1 769201 discloses a process for increasing the efficiency of ion exchange processes and the production 
of ion exchange adsorbents. The process involves the coalescing of finely divided ferromagnetic adsorbents by mag- 
netic forces of suitable strength. 

[0012] US-A-4 102 846 in the name of ICI Ltd. discloses a process for manufacturing dispersions of polymers in an 
inert organic liquid medium which incorporate an insoluble polymer, a modifying agent, such as pigments, dyestuffs, 
55 fillers or extenders, and a dispersant, it being possible to polymerise the mixture by heating it in the presence of a 
stabiliser. 

[0013] The suspension stabiliser described in the ICI Australia Ltd. patent application and in the Mitsubishi Chemical 
Industries K.K. patent application are not capable of reacting with the monomers used to form the resins and do not 
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become chemically incorporated into the resin. 

[0014] Experiments by the present inventors using the process described in JP 62-141,071 showed that use of a 
polyvinyl pyridine-styrene copolymer, when used as a dispersing agent in a system containing 10.8% y-Fe203 in a 
glycidyl methacrylate/divinyl benzene copolymer system, gave resin beads that encapsulated the magnetic oxide. 
5 However, the beads were irregular in shape, very polydisperse in size, poor in mechanical strength, had a relatively 
low loading of magnetic oxide which was poorly dispersed in the beads. 

[0015] It is an object of the present invention to provide an improved process for manufacturing polymer beads 
incorporating solid particles. 

[0016] In a first aspect, the present invention provides a process for producing polymer beads selected from ion 
10 exchange resins, macroporous beads and combinations thereof, said beads incorporating solid particulate material, 
which process comprises producing a dispersion having a dispersed phase including one or more monomers also 
including solid particulate material, and causing said one or more monomers to undergo a polymerisation reaction to 
form said polymer beads, wherein said dispersion further includes a solid phase dispersing agent for dispersing solid 
particles of material in the dispersed phase and wherein said solid phase dispersing agent reacts with at least one 
15 monomer to thereby become chemically incorporated in said polymer. 

[001 7] The present invention provides a process which can produce polymer beads in which solid particulate material 
is evenly distributed throughout the polymer beads. 

[0018] In a preferred embodiment of the present invention, an organic phase is the dispersed phase and, for con- 
venience, the invention will hereinafter be described with reference to the organic phase being the dispersed phase. 
20 However, it will be appreciated that the invention also encompasses an aqueous phase being the dispersed phase, in 
which case water soluble monomers are used to produce the polymer beads. 

[0019] Where an organic phase constitutes the dispersed phase, an oil-in-water dispersion is produced. The organic 
phase includes one or more monomers that react to form the polymer matrix of the polymer beads. It is especially 
preferred that the polymer matrix be a copolymer, which requires two (or more) monomers to be used. The polymer 
25 beads may have ion exchange properties and it is particularly preferred that the process provides for the production 
of ion exchange resins. Generally ion exchange resins require two types of monomers: 

(a) monomers which are able to provide crosslink points; and 

(b) monomers which are able to provide functional groups. 

30 

[0020] Of course, the polymer chain may be a copolymer and the functional groups may be added by later reaction 
of one of the polymer monomer residues in the polymer resin. Accordingly, when the polymer beads are to be used as 
an ion-exchange resin, the organic phase should include a crosslinking monomer and a functional monomer that pro- 
vides the necessary functional groups to give the polymer an ion-exchange capability or provides sites that may be 
35 later reacted to provide the required functional groups to confer ion-exchange capability to the polymer. Other mono- 
mers may be able to be included in the organic phase to copolymerise with the crosslinking monomer and the functional 
monomer, for example, a backbone monomer may be included. 

[0021] The cross-linking monomer may be selected from a wide range of monomers, including divinyl monomers 

such as divinyl benzene, ethyleneglycol dimethacrylate or poly(ethyleneglycol) dimethacrylate or methylene bisacry- 
40 lamide, ethyleneglycol divinylether and polyvinyl ester compounds having two or more double bonds. 

[0022] A wide range of functional monomers may also be used in the process of the present invention. Suitable 
monomers include glycidyl methacrylate, vinyl benzyl chloride, dimethylaminoethyl methacrylate, N,N-dimethylamino- 
propyl acrylamide and methacrylamide, vinyl pyridine, diallylamine, and their quaternized derivatives, N-vinyl forma- 
mide and its hydrolized derivatives, and methyl acrylate and its derivatives. 
45 [0023] The backbone monomers include any monomer polymerizable by free radicals such as styrene, vinyl toluene, 
methyl methacrylate and other acrylates and methacrylates. 

[0024] In order to increase the efficiency of removal of contaminants from water being treated by the polymer beads, 
it is preferred that the polymer beads are macroporous. This increases the total surface area of each bead available 
for contact. To produce macroporous polymer beads according to the present invention, the dispersed phase should 
50 include one or more porogens. The porogen becomes dispersed throughout the droplets that form the dispersed phase, 
but that porogen does not take part in the polymerisation reaction. Accordingly, after the polymerisation reaction is 
completed, the porogen can be removed from the polymer beads, for example by washing or steam stripping, to produce 
macroporosity in the polymer beads. 

[0025] Suitable porogens for use in the process of the present invention in which the organic phase is the dispersed 
55 phase include aromatic compounds such as toluene and benzene, alcohols such as butanol, iso-octanol, cyclohexanol, 
dodecanol, isoamyl alcohol and methyl iso-butyl carbinol, esters such as ethyl acetate and butyl acetate, saturated 
hydrocarbons such as n-heptane, iso-octane, halogenated solvents such as dichloroethane and trichloroethylene, plas- 
ticisers such as dioctylphthalate and dibutyl adipate, polymers such as polystyrene and polyvinyl acetate; and mixtures 
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thereof. Mixtures of cyclohexanol with as dodecanol or toluene have been found to be especially suitable for use as a 
porogen in the process of the present invention. It will be appreciated that the above list of porogens is not exhaustive 
and that the invention encompasses the use of other porogens and other combinations of porogens. 
[0026] In one embodiment, incorporation of the solid particulate material into the polymer beads preferably results 
5 in the beads having a higher density than they otherwise would have if the solid particulate material was not present. 
As the polymer beads have increased density, settling time of the beads is decreased which allows for simpler sepa- 
ration of the beads from a water sample being treated. The solid particulate material may be described as a weighting 
agent and assist in promoting rapid settling of the polymeric beads. 

[0027] In this embodiment, the solid particulate material used in the present invention may be of any material that 

10 has a density higher than the density of the polymer material in the absence of the solids. The solid particulate material 
is preferably not soluble in water or in any solution or liquid to be treated by contact with the polymer beads. It is also 
preferred that the solid particulate material does not react with solution or liquid to be treated. 
[0028] Some examples of suitable solid particulate material include titania, zirconia, barite, cassiterite, silica, alumi- 
nosilicates, nickel oxide, copper oxide, zinc oxide, zinc sulphide. 

15 [0029] In an especially preferred embodiment, the solid particulate material is a magnetic material. Incorporation of 
a solid particulate magnetic material into the polymer beads results in the beads becoming magnetic. IVIagnetic sepa- 
ration techniques may be used to conveniently separate the beads from a solution or liquid being treated. The solid 
particulate magnetic material used in this embodiment of the present invention may be any solid material that is mag- 
netic. Examples include y-iron oxide (Y-Fe203, also known as maghemite), magnetite (Fe304) and chromium dioxide. 

20 Maghemite is especially preferred because it is inexpensive. 

[0030] The solid particulate material is added in the form of particles. The particle size of the particles may range up 
to a size that is up to one-tenth of the particle size of the polymer beads formed in the process of the present invention. 
Particles that are larger than that may be difficult to evenly disperse into the polymer beads. More preferably, the 
particles of solid material range in size from sub-micron to 500|Lim, most preferably from 0.1 |xm to 10|Lim. 

25 [0031] The process of the present invention includes a solid phase dispersing agent in the dispersed phase. The 
solid phase dispersing agent acts to disperse the solid material in the droplets of the dispersed phase to thereby form 
a stable dispersion (or suspension) of the solid particles in the dispersed phase and the solid phase dispersing agent 
reacts with one or more of the monomers to become chemically reacted into the polymer matrix. Both of these actions 
are necessary for the effective dispersal of the solid particulate material in the polymer beads. Use of a suitable solid 

30 phase dispersing agent results in polymer beads being formed in which the solid particulate material is evenly dispersed 
throughout the polymer bead and the solid phase dispersing agent is chemically reacted with the polymer matrix. This 
avoids, or at least alleviates, the problem of leaching of the solid particulate material from the polymer beads. This 
avoids, or at least alleviates, the problem of erosion of the solid particulate material from the polymer beads in service, 
as may happen if the solid material was located only on the outer surface of the beads. Selection of the solid phase 

35 dispersing agent will depend upon the particular solid material being used and the monomers being used. The solid 
phase dispersing agent should have a good affinity for the surface of the solid material and be able to react with one 
or more of the monomers. 

[0032] As one example, a silane methacrylate is a suitable solid phase dispersing agent for use with titania or zirconia 
particles. 

40 [0033] Persons skilled in the art should be readily able to select a desired solid phase dispersing agentfor the specific 
reaction system employed. 

[0034] The polymerisation reaction taking place in the process of the present invention is asuspension polymerisation 
reaction and techniques known to those skilled in the art to control and monitor such suspension polymerisation reac- 
tions apply to the present invention. In order to maintain the dispersed phase in the form of a suspension of droplets 

45 In the continuous phase whilst avoiding aggregation of the droplets, a stabilising agent is preferably used. Where the 
dispersed phase is the organic phase, the stabilising agent may be polyvinyl alcohol, gelatine, methyl cellulose or 
sodium polyacrylate. It is to be understood that the invention extends to cover any stabilising agent that may be suitable 
for use. The stabilising agent is typically present in an amount of 0.01 to 5.0% by weight, and preferably 0.05 to 2.0% 
by weight, based on the weight of the whole dispersion. 

50 [0035] It will also be generally necessary to use an initiator to initiate the polymerisation reaction. The initiator to be 
used depends upon the monomers present in the reaction mixture and the choice of initiator and the amount required 
will be readily apparent to the skilled addressee. By way of example only, suitable initiators include azoisobutyronitrile, 
benzoyl peroxide, lauroyi peroxide and t-butyl hydroperoxide. The amount of initiator used is generally in the range of 
0.01 to 5.0 wt %, more preferably 0.10 to 1 .0%, calculated on the total weight of monomer(s). 

55 [0036] In a preferred embodiment of the present invention, the monomer mixture may include a functional monomer 
present in an amount of from 10 to 99% by weight, based upon the weight of total monomers, more preferably 50 to 
90% by weight (same basis). The crosslinking monomers may be present in an amount of from 1 to 90% by weight, 
based on the weight of total monomers, more preferably 1 0 to 50% by weight (same basis). Additional monomers may 
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be present in an amount of 0 to 60% by weight, more preferably 0 to 30% by weight, based on the weight 5 of total 
monomers. The total monomers may constitute from 1 .0 to 50%, more preferably 5.0 to 30% by weight of the mixture. 
[0037] The solid particles of material are preferably added in an amount of from 1 0 to 300 wt%, based on the weight 
of total monomers, more preferably 20 to 1 00% by weight (same basis). The solid phase dispersing agent is preferably 
added in an amount of 0.10 to 30.0% by weight, more preferably 1 .0 to 10.0% by weight, based on the weight of solid 
particles of material. 

[0038] The dispersion of the dispersed phase (which includes the monomer(s)) in the continuous phase is usually 
achieved by mixing the organic and aqueous phases and shearing the resulting mixture. The shear applied to the 
dispersion can be adjusted to control the size of the droplets of the dispersed phase. As the droplets of dispersed 

phase are polymerised to produce the polymer beads, the shear applied to the dispersion largely controls the particle 
size of the polymer beads. Generally, the polymer beads are controlled to have a particle size in the range of 1 0-5000|Lim. 
[0039] Once a stable dispersion of dispersed phase in continuous phase is established, the polymerisation reaction 
is started by heating the dispersion to the desired reaction temperature. The dispersion may be held at the desired 
reaction temperature until the polymerisation reaction is substantially complete. 

[0040] Once the polymerisation reaction is substantially complete, the polymer beads may be optionally treated to 
activate the active sites in the polymer beads of the ion exchange resin and the beads recovered. The activation of 
the active sites in the polymer for ion-exchange will be dependent on the nature of the species to be separated from 
solution. For example, hydrolysis of poiy(ethyl acrylate) beads will provide a weak acid cation ion exchange resin 
suitable for separating transition metal ions such as cadmium and zinc from solution. Amination or quaternization of 
the polymer beads may be used to provide an ion exchange resin suitable for the removal of acidic organic materials 
from solution. It will be clear to those skilled in the art that the means for activation of the ion exchange sites may be 
conveniently selected dependent on the nature of the compounds to be separated from solution. The beads may require 
cleaning before use. This may be achieved by a sequence of washing the beads or by steam stripping the beads. 
[0041] One method for cleaning the polymer beads includes the following steps: 

(a) add reaction product to a large excess of water, stir and allow to settle; 

(b) separate beads from the supernatant; 

(c) add separated beads to a large excess of water, stir and allow to settle before separating beads from the 
supernatant; 

(d) repeat step (c) several times; 

(e) disperse water washed beads in alcohol (ethanol); 

(f) separate beads from alcohol and dry. 

[0042] An alternative clean-up procedure is to steam strip the porogens and then wash the polymer beads to remove 
any free solid particulate material. 

[0043] The present invention provides a process which produces polymer beads selected from ion exchange resins, 
macroporous beads and combinations thereof, in which solid particulate material is evenly distributed throughout the 
polymer beads. In an especially preferred embodiment of the invention, a magnetic polymer bead is produced. The 
polymer is formed as a copolymer of glycidyl methacrylate and divinyl benzene. The monomers are present in the 
organic phase, which also includes a mixture of cyclohexanol with toluene or dodecanol as porogens. Polyvinyl alcohol 
is used as a stabilising agent. A free radical initiator such as. "VAZO" 67 or Azoisobutyronitrile (AIBN) is added to the 
organic phase as a polymerisation initiator and y-iron oxide is the magnetic material. The solid phase dispersing agent 
preferred for use in this system is a block copolymer of poly(hydroxystearic acid) and poly(ethyleneimine) and sold 
under the trade name SOLSPERSE 24000. This solid phase dispersing agent has a high affinity for the surface of the 
y-iron oxide and also reacts with the epoxy group of the glycidyl methacrylate through its primary and secondary amino 
groups and then the vinyl groups from the methacrylate react with polymerising radicals to become covalently bound 
to the polymer matrix. All of the components of the organic phase are preferably pre-mixed in a separate tank and 
dispersed in water in the reaction tank. 

[0044] In another aspect, the present invention provides a process which produces polymer beads selected from ion 
exchange resins, macroporous beads and combinations thereof, which incorporates a toughening agent. The tough- 
ening agents are selected to increase the impact resistance of the polymer. The general techniques for increasing the 
toughness of polymer beads prepared in accordance with the present invention may readily be employed to produce 
bead with increased durability. For example, rubber toughening agents may be used to improve the strength and 
durability of styrene-based polymer beads. The use of these rubber toughening agents not only results in improved 
durability but increases the serviceable life of the polymer beads. The rubber toughening agents include low molecular 
weight rubbers which may be incorporated into the dispersed phase. A particularly preferred rubber toughening agent 
is sold under the trade designation Kraton D1 1 02 although other commercially available rubber toughening agents are 
available. 
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[0045] In another aspect, the present invention provides polymer beads selected from ion exchange resins, macro- 
porous beads and combinations thereof, said beads comprising a polymer matrix having solid particulate material 
dispersed substantially uniformly therein and wherein the polymer matrix incorporates a solid phase dispersing agent 
chemically reacted into the polymeric matrix. 
5 [0046] The polymer beads are preferably macroporous. The particle size of the polymer beads is preferably within 
the range of 30 iim to 1000 |Lim in size. The particles of solid material may have a particle size in the range of sub- 
micron to SOO^im and more preferably from 0.1 |Lim to lO^im. 

[0047] The solid particulate material may act to increase the density, and hence the weight of the polymer beads. 
Examples of solid particulate materials suitable for use in the present invention include titania and zirconia. 
10 [0048] In an especially preferred embodiment, the solid particulate material is of a magnetic material and accordingly 
the polymer beads will be magnetic. 

[0049] The solid phase dispersing agent is a chemical compound or species that can react with the monomers used 

to produce the polymeric matrix such that the solid phase dispersing agent is incorporated into the polymeric matrix. 
Further, the solid phase dispersing agent should have a good affinity for the surface of the solid particles and preferably 
15 should be able to chemically bond to the surface of the solid particles. The use of such an agent allows the solid 
particles to be dispersed throughout the polymeric matrix. 

[0050] As the solid particles are dispersed throughout the polymer beads of the present invention, the solid particles 
are not easily removed from the beads and this allows the beads to be subjected to a number of handling operations, 
such as conveying, pumping and mixing, without substantial erosion of solid particles therefrom. 

20 [0051] In another aspect, the present invention provides polymer beads selected from ion exchange resins, macro- 
porous beads and combinations thereof, said beads comprising a polymeric matrix having solid particulate material 
dispensed therein, wherein the polymeric matrix incorporates a solid phase dispersing agent which is chemically re- 
acted into the polymeric matrix and wherein the polymer beads incorporate a toughening agent. 
[0052] The invention further provides ion exchange resins including polymeric beads in accordance with the present 

25 invention. 

[0053] Throughout this specification and the claims which follow, unless the context requires otherwise, the word 
"comprise", or variations such as "comprises" or "comprising", will be understood to imply the inclusion of a stated 
integer or group of integers but not the exclusion of any other integer or group of integers. 
[0054] The invention will be further described with reference to the following. 

30 

Example 1 

[0055] Magnetic polymer beads were prepared in accordance with the process of the present invention using the 
following raw materials: 

35 

1 . Water: this is the continuous medium in which the organic phase is dispersed and then reacted. 

2. Gosenhol <B) GH 17: this is a high molecular weight polymeric surfactant, a polyvinyl alcohol, that disperses the 
organic phase in the water as droplets. 

40 

3. Teric ® N9: this is a low molecular weight surfactant that is added to further reduce the particle size of the 
dispersed organic phase. 

4. Cyclohexanol: this is the major porogen: it is a solvent for the monomers, but a non-solvent for the polymer, 
45 and it promotes the formation of voids and internal porosity in the resin beads. 

5. Dodecanol: this is the minor porogen. 

6. Solsperse ® 24000 it is a solid phase dispersing agent and is a block copolymer of poly(hydroxystearic acid) 
50 and poly(ethyleneimine). 

7. Pferrox c@) 2228HC y-FeaOg: gamma - iron oxide (maghemite). This is the magnetic oxide that makes the resin 
beads magnetic. 

55 8. DVB-50 (divinyl benzene): this is the monomer that crosslinks the beads. 

9. GMA (glycldyl methacrylate): this is the monomer that is first polymerised to incorporate it into the beads, then 
it is quaternized to place quaternary ammonium groups into the beads, thereby creating the ion exchange sites: 
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10. AIBN: this is tlie catalyst tliat initiates polymerisation when the mixture is heated above 50°C. 

11. Trimethylamine: this is the amine that reacts with the epoxy group of the glycidyl methacrylate to form qua- 
ternary ammonium ion exchange sites. 

12. Hydrochloric acid: this is used to neutralise the high pH due to the trimethylamine. 

13. Ethanol: this is used as a rinse and as a wetting agent. 
Metliod 

[0056] Water (6.3L) was charged to a 20L reactor and the stirrer and nitrogen purge started. Next Gosenhol ® GH- 
1 7 (30g) and Teric <B N9 (1 5g) were added, and the water phase heated to 80°C to dissolve the surfactants. While the 
water was heating cyclohexanol (1 755g) was charged to a separate stirred mix tank and the stirrer turned on. Doden- 
canol (195g), SOLSPERSE <B 24000 (63g), Pferrox 2228 HC y-Fe203 (936g), divinylbenzene (41 Og), and glycidyl 
methacrylate (1541g) were added in turn. This mixture was stirred and sonicated for one hour. Azoisobutyronitrile (8g) 
was added and the mixture was stirred for a further five minutes before adding it to the heated water phase. The 
resulting dispersion was held at 80°C (±5°C) for two hours, during which time polymerisation occurs and the solid resin 
beads (2.95kg) were formed. The nitrogen purge is then stopped and the trimethylamine and the hydrochloric acid are 
added to aminate the resin. These two materials can either be pre-mixed (with great caution due to the exotherm), or 
added in such away as to maintain the pH between 6 and 8. The reaction mixture is then held at 80°C for three hours. 
The mixture is then cooled to room temperature, and the beads separated from the excess y-Fe203 by repeated cycles 
of washing, settling and decanting (the beads settle much faster than the free oxide particles). The resin beads are 
then filtered, redispersed in ethanol, then filtered and washed with additional ethanol, then acetone, and dried with an 
air stream. Photomicrographs of the polymer beads produced by this example are shown in Figures 1A and 1B. As 
can be seen, especially from Figure 1B which is a photomicrograph of cracked beads, the solid particles are evenly 
dispersed throughout the polymer beads. 

[0057] The maghemite was well dispersed throughout the resin beads produced in this Example. 
Comparative Example 1 

[0058] The materials and method of Example 1 were used to make 58g of resin on a 300g scale, the sole difference 

being that the dispersant for the y-Fe203, Solsperse 24000, was omitted from the preparation. After the polymerisation 
and quaternization, fine, dark brown beads were obtained. However, when the beads were cracked open, their interiors 
were white and only the surfaces were brown. Photomicrographs of these beads are shown in Figures 2A and 2B. 
Figure 28 is a photomicrograph of cracked beads and, as can be seen, the Y-Fe203 was only attached to the surface 
of the beads and not dispersed through the bulk. This means that the beads are highly likely to lose Y-Fe203 in service. 

Example 2 

[0059] Magnetic macroporous weak acid cation exchanger beads are prepared in accordance with the process of 
the invention. The suspension polymerization described in Example 1 was repeated with the glycidyl methacrylate 
replaced by an equal weight of ethyl acrylate. At the end of the polymerization sodium hydroxide was added to the 
aqueous phase (1.5 moles per mole of ethyl acrylate) and the mixture gently stirred at 80 degrees. Samples were 
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withdrawn at intervals and the beads washed by decantation with water and ethanol as described in Example 1 , then 
packed into a glass column fitted with a porous glass frit and eluted with dilute hydrochloric acid to convert the sodium 
acrylate functional groups to acrylic acid groups. The beads were then dried in a vacuum oven. The unhydrolyzed poly 
(ethyl acrylate) beads contained 40.3% iron oxide by weight. After hydrolysis for 2 hours at 80 degrees the product 
5 had a weak acid capacity of 2.1 milliequivalents per gram and contained 40.2% iron oxide; after 7 hours' hydrolysis 
the capacity was 2.9 meq/g and the iron oxide content 38.8%. 

Example 3 

10 [0060] Magnetic polymer beads were prepared in accordance with the process of the present invention using the 
following raw materials: 

I. Water this is the continuous medium in which the organic phase is dispersed and then reacted. 

15 2. Gosenhol ® GH 20: this is a high molecular weight polymeric surfactant, a polyvinyl alcohol, that disperses the 

organic phase in the water as droplets. 

3. Cyclohexanol: this is the major porogen: it is a solvent for the monomers, but a non-solvent for the polymer, 
and it promotes the formation of voids and internal porosity in the resin beads. 

20 

4. Toluene: this is the minor porogen. 

5. Solsperse ® 24000: it is a solid phase dispersing agent and is a block copolymer of poly(hydroxystearic acid) 
and poly(ethyleneimine). 

25 

6. Pferrox ® 2228HC y-Fe203: gamma - iron oxide (maghemite). This is the magnetic oxide that makes the resin 

beads magnetic. 

7. KRATON (B) D1102: this is a low molecular weight rubber, incorporated into the organic phase to toughen the 
30 polymer beads. 

8. DVB-50 (divinyl benzene): this is the monomer that crosslinks the beads. 

9. GMA (glycidyl methacrylate): this is the monomer that is first polymerised to incorporate it into the beads, then 
35 it is quaternized to place quaternary ammonium groups into the beads, thereby creating the ion exchange sites. 

10. VAZO ® 67: this is the catalyst that initiates polymerisation when the mixture is heated above 50°C. 

II. Trimethylamine: this is the amine that reacts with the epoxy group of the glycidyl methacrylate to form qua- 

40 ternary ammonium ion exchange sites. 

12. Hydrochloric acid: this is used to neutralise the high pH due to the trimethylamine. 
Method 

45 

[0061] Water (2333g) was charged to a 5 L reactor and the stirrer and nitrogen purge started. Next, Gosenhol GH20 

(10g) was added, and the water phase heated to 80°C. While the water was heating Toluene (130g), DVB-50 (130g) 
and a first portion of Cyclohexanol (130g) were charged to a separate mix tank and the stirrer turned on. The Solsperse 
24000 (21 .84g) and the Pferrox 2228 HC Y-Fe203 (325g) were added in turn, then the mixture was stirred and sonicated 

50 for 20 minutes to thoroughly disperse the magnetic oxide. Kraton D1102 was then added and the mixture stirred for a 
further hour to dissolve the toughening agent. Glycidyl methacrylate (520g), the remaining Cyclohexanol (390g) and 
the VAZO 67 (2.65g) were then added and the mixture was stirred for a further five minutes before adding it to the 
heated water phase. The resulting dispersion was then stirred and held at 80°C for two hours. The nitrogen purge was 
stopped and a mixture of trimethylamine (687g; 25% w/w) and hydrochloric acid (294 g; 36% w/w) added, then the 

55 mixture was then stirred and held at 80°C for a further three hours. The mixture was then cooled and the resulting 
polymer beads cleaned as in Example 1. A photomicrograph of the beads is shown in Figure 3A. Figures 3B and 3C 
are photomicrographs showing the beads crushed between two microscope slides. Some of the beads are broken 
revealing their interiors. This illustrates that the solid magnetic oxide is well dispersed throughout the beads, and the 



8 



EP 0 779 899 B1 



beads are qualitatively tougher than those of Example 1 . Further, the size distribution of the polymer beads was rela- 
tively narrow. 

Example 4 

[0062] Magnetic polymer beads were prepared in the manner of Example 3, except that the temperature of polym- 
erization was 70°C. Polymer beads similar to those of Example 3 were produced. 

Example 5 

[0063] Magnetic polymer beads were prepared in the manner of Example 3, except that the temperature of polym- 
erization was 90°C, and that the mixture of monomers, porogens and magnetic oxide was gradually fed to the water 
phase over sixty minutes. Polymer beads with excellent magnetic oxide dispersion and strength resulted, however the 
distribution of polymer bead sizes was relatively broad. 

Example 6 

[0064] Magnetic polymer beads were prepared in the manner of Example 3, except that the initiator was LauroyI 
Peroxide. The resulting polymer beads were not homogeneous. In some instances the distribution of magnetic oxide 
was acceptable however there was varying extents of separation of the magnetic oxide from the polymer matrix. Some 
beads contained no magnetic oxide. 

Example 7 

[0065] Magnetic polymer beads were prepared in the manner of Example 3, except that the initiator was Benzoyl 
Peroxide. While the resulting polymer beads had acceptable magnetic oxide distribution, the beads had a very broad 
size distribution, and many were irregular, rather than spherical, in shape. 

Example 8 

[0066] Magnetic polymer beads were prepared in the manner of Example 3, except that the amount of Solsperse 
24000 was one third that in Example 3. The resulting beads had a poor distribution of magnetic oxide, with internal 
regions that were white due to a lack of oxide, similar to Comparative Example 1 . There was much magnetic oxide not 
incorporated into the beads. 

Example 9 

[0067] Magnetic polymer beads were prepared in the manner of Example 3, except that the amount of Solsperse 

24000 was three times that in Example 3. While the resulting polymer beads generally had acceptable magnetic oxide 
distribution, the beads also frequently included smaller white beads that were free of oxide, and were fragile, rather 
than tough. 

Example 10 

[0068] Magnetic polymer beads were prepared in the manner of Example 3, except that the amount of Gosenhol 
GH20 was one third that in Example 3. While the resulting polymer beads generally had acceptable magnetic oxide 
distribution, the beads also frequently included smaller white beads that were free of oxide, but were tough, unlike 

Example 9. 

Example 11 

[0069] Magnetic polymer beads were prepared in the manner of Example 3, except that the amount of Gosenhol 
GH20 was three times that in Example 3. The resulting polymer beads had good magnetic oxide distribution and were 
tough. However, the beads occasionally included smaller white beads that were free of oxide, but were hard and tough, 
unlike Example 9. 
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Claims 

1 . A process for producing polymer beads selected from ion exchange resins, macroporous beads and combinations 
thereof, said beads incorporating solid particulate material, which process comprises producing adispersion having 
a dispersed phase including one or more monomers and the solid particulate material, and causing said one or 
more monomers to undergo a polymerisation reaction to form said polymer beads, wherein said dispersion further 
includes a solid phase dispersing agent for dispersing the solid particulate material in the dispersed phase and 
wherein said solid phase dispersing agent reacts with the at least one monomer to thereby become chemically 
incorporated in said polymer beads. 

2. A process according to claim 1 , wherein the dispersed phase is an organic phase. 

3. A process according to claim 1 or 2, wherein the polymer beads are ion exchange resins. 

4. A process according to claim 3, wherein the ion exchange resins are produced from crosslinking monomers which 
are able to provide crosslinking points and/or functional monomers which are able to provide ion exchange func- 
tional groups. 

5. A process according to claim 4, wherein the crosslinking monomers are selected from the group consisting of the 
divinyl monomers divinyl benzene, ethyleneglycol dimethy aery late or poly(ethyleneglycol)dimethacrylate or meth- 
ylene bisacrylamide, ethyleneglycol divinylether and polyvinyl ester compounds having two or more double bonds. 

6. A process according to claim 4, wherein the functional monomers are selected from the group consisting of glycidyl 
methacrylate, vinyl benzyl chloride, dimethylaminoethyl methacrylate, N,N-dimethylaminopropyl acrylamide, N,N- 
dimethylaminopropyl methacrylamide, vinyl pyridine, diallylamine, and their quaternized derivatives, N-vinyl for- 
mamide and its hydrolized derivatives. 

7. A process according to claim 4, wherein said functional monomers are present in a amount of from 1 0 to 99% by 
weight based upon the total monomers, said crosslinking monomers being present in an amount of from 1 to 90% 
by weight based upon the total monomers and additional monomers may be present in a amount of up to 60% by 
weight based upon the total monomers. 

8. A process according to claim 4, wherein said functional monomers are present in an amount of from 50 to 90% 
by weight based upon the total monomers, said crosslinking monomers being present in an amount of from 10 to 
50% by weight based upon the total monomers and additional monomers may be present in an amount of up to 
30% by weight based upon the total monomers. 

9. A process according to any one of claims 1 to 8, wherein total monomers are present in an amount of from 1 .0 to 
50% by weight of the mixture. 

10. A process according to any one of claims 1 to 8, wherein total monomers are present in an amount of from 5.0 to 
30% by weight of the mixture. 

11. A process according to any one of claims 3 to 10, wherein the polymer beads of ion exchange resins are treated 
to activate sites in the polymer beads of ion exchange resins. 

12. A process according to claim 11 wherein the polymer beads of ion exchange resins are treated to by one of hy- 
drolysis, amination and quaternization. 

13. A process according to any one of claims 1 to 12, wherein the dispersed phase further includes one or more 
porogens. 

14. A process according to claim 13 wherein said porogens are selected from the group consisting of aromatic com- 
pounds toluene and benzene, the alcohols butanol, iso-octanol, cyclohexanol, dodecanol, isoamyl alcohol and 
methyl iso-butyl carbinol, the esters ethyl acetate and butyl acetate, the saturated hydrocarbons n-heptane, iso- 
octane, the halogenated solvents dichloroethane and trichloroethylene, and plasticisers dioctylphthalate and dib- 
utyl adipate, the polymers polystyrene and polyvinyl acetate; and mixtures thereof. 
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15. A process according to claim 13 wlierein said porogens are mixtures of cycloliexanol witli dodecanol or toluene. 

16. A process according to any one of claims 1 to 15, wherein said solid particulate material is a weighting agent. 

5 17. A process according to claim 16 wherein said solid particulate material is selected from the group consisting of 
titania, zirconia, barite, cassiterite, silica, aluminosilicates, nickel oxide, copper oxide, zinc oxide and zinc sulphide. 

18. A process according to any one of claims 1 to 15, wherein said solid particulate material is a magnetic material. 

10 19. A process according to claim 18, wherein said solid particulate material is selected from the group consisting of 
y-iron oxide (Y-Fe203, also known as maghemite), magnetite (Fe304) and chromium dioxide. 

20. A process according to any one of claims 1 to 19, wherein said solid particulate material ranges in size from sub- 
micron to 500 |im. 

15 

21. A process according to any one of claims 1 to 19, wherein said solid particulate material is in the range of from 
0.1 |Lim to 10 |Lim. 

22. A process according to any one of claims 1 to 21 , wherein said dispersion further includes a stabilizing agent. 

20 

23. A process according to claim 22, wherein said stabilizing agent is selected from the group consisting of polyvinyl 
alcohol, gelatine, methyl cellulose and sodium polyacrylate. 

24. A process according to claim 22 or 23, wherein said stabilizing agent is present in an amount of 0.01 to 5.0% by 
25 weight of the whole dispersion. 

25. A process according to claim 22 or 23, wherein said stabilizing agent is present in an amount of 0.05 to 2.0% by 
weight, based on the weight of the whole dispersion. 

30 26. A process according to any one of claims 1 to 25, wherein said dispersion further includes an initiator. 

27. A process according to claim 26, wherein said initiator is selected from the group consisting of azoisobutyronitrile, 
binzoyi peroxide, lauroyi peroxide and t-butyl hydroperoxide. 

35 28. A process according to claim 26 or 27, wherein said initiator is present in the range of 0.01 to 5.0 wt % based on 
the total weight of monomers. 

29. A process according to claim 26 or 27, wherein said initiator is present in the range of 0.1 to 1 .0 wt % based on 
the total weight of monomers. 

40 

30. A process according to any one of claims 1 to 29, wherein the solid particulate material is present in an amount 
of from 10 to 30% based upon the weight of the total monomers. 

31. A process according to any one of claims 1 to 29, wherein the solid particulate material is present in an amount 
45 of from 20 to 1 00% based upon the weight of the total monomers. 

32. A process according to any one of claims 1 to 31, wherein said solid phase dispersing agent is present in an 
amount of from 0.10 to 30.0% by weight of the solid particulate material. 

50 33. A process according to any one of claims 1 to 31, wherein said solid phase dispersing agent is present in an 
amount of from 1 .0 to 1 0.0% by weight of the solid particulate material. 

34. A process according to claim 33 wherein the polymer beads or ion exchange resins are treated to a subsequent 
cleaning step. 



55 



35. A process according to any one of claims 1 to 34, wherein all the components of the dispersed phase are premixed 
and subsequently dispersed in a continuous phase. 
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36. A process according to any one of claims 1 to 35, wherein said dispersed phase further includes a toughening agent. 

37. Polymer beads selected from ion exchange resins, macroporous beads and combinations thereof, said beads 
comprising a polymer matrix having solid particulate material dispersed substantially uniformly therein and wherein 
the polymer matrix Incorporates a solid phase dispersing agent chemically reacted into the polymeric matrix. 

38. Polymer beads according to claim 37, wherein said polymer beads are in the range of from 30 ^im to 1 000 ^im in size. 

39. Polymer beads according to claim 37 or 38, wherein the solid particulate material is a magnetic material. 

40. Polymer beads selected from ion exchange resins, macroporous beads and combinations thereof, said beads 
comprising a polymer matrix having solid particulate material dispersed therein, wherein the polymer matrix incor- 
porates a solid phase dispersing agent which is chemically reacted into the polymeric matrix and wherein the 
polymer beads incorporate a toughening agent. 

41 . Polymer beads according to claim 40, wherein said polymer beads are in the range of from 30 |Lim to 1 000 |Lim in size. 

42. Polymer beads according to claim 40 or 41 , wherein the solid particulate material is a magnetic material. 

43. Polymer beads produced according to the process of any one of claims 1 to 36. 

Patentanspruche 

1. Verfahren zur Herstellung von Polymerkugelchen, die aus lonenaustauscher-Harzen, makroporosen Kugelchen 

und deren Kombinationen ausgewahit sind, wobei die Kugelchen festes partikelartiges Material beinhalten und 
das Verfahren die Herstellung einer Dispersion umfasst, die eine dispergierte Phase besitzt, die ein oder mehrere 
Monomere sowie das feste partikelartige Material einschlieRt, wobei bewirkt wird, dass das genannte eine oder 
mehrere Monomere eine Polymerisationsreaktion zur Bildung dergenannten Polymerkugelchen durchmacht, und 
dass die Dispersion ferner ein Dispersionsmittel fester Phase einschlieBt, um das feste partikelartige Material in 
der dispergierten Phase zu verteilen, und dass das genannte Dispersionsmittel fester Phase mit mindestens einem 
Monomeren reagiert, um dadurch mit den genannten Polymerkugelchen chemisch vereinigt zu werden. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dass die dispergierte Phase eine organische Phase ist. 

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die Polymerkugelchen lonenaustauscher- 
Harze sind. 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, dass die lonenaustauscher-Harze aus vernetzten Mono- 
meren hergestellt sind, die in der Lage sind, Vernetzungspunkte und/oder funktionale Monomere bereitzustellen, 
die in der Lage sind, funktionale Gruppen fur den lonenaustausch bereitzustellen. 

5. Verfahren nach Anspruch 4, wobei die vernetzten Monomeren aus einer Gruppe ausgewahit sind, die aus den 
Divinylmonomeren des Divinylbenzols, Athylenglykoldimethylacrylat oder Poly(athylenglykol)dimethacrylat oder 
Methylenbisacrylamid, Athylenglykoldivenylather und Polyvinylesterverbindungen mit zwei der mehr Doppelbin- 
dungen besteht. 

6. Verfahren nach Anspruch 4, wobei die funktionalen Monomere aus einer Gruppe bestehend aus Glycidyl-Me- 
thacrylat, Vinylbenzylchlorid, Dimethylaminoathyl-Methacrylat, N,N-Dimethylaminopropylacrylamid, N,N-Dimethyl- 
aminopropyl-Methacrylamid, Vinylpyridin, Diallylamin, und deren quaternisierte Derivate, N-Vinylformamid, und 
seine hydrolisierten Derivate ausgewahit sind. 

7. Verfahren nach Anspruch 4, wobei die genannten funktionalen Monomere in einer Menge von 10 bis 99 Gew.-%, 
bezogen auf die Gesamtmenge der Monomeren vorliegen, wobei die genannten vernetzten Monomere in einer 
Menge von 1 bis 90 Gew.% vorliegen, bezogen auf die Gesamtmenge der Monomren, und dass zusatzliche Mo- 
nomere in einer Menge bis zu 60 Gew.%, bezogen auf die Gesamtmenge der Monomeren, vorliegen konnen. 

8. Verfahren nach Anpruch 4, dadurch gekennzeichnet, dass die genannten funktionalen Monomeren in einer Men- 
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ge von 50 bis 90 Gew.-%, bezogen auf die Gesamtmenge der IVIonomeren, vorliegen, wobei die genannten ver- 
netzten Monomeren, bezogen auf die Gesamtmenge der IVIonomeren, in einer Menge von 10 bis 50 Gew.-% 
vorliegen, und dass zusatzliche Monomere, bezogen auf die Gesamtmenge der Monomeren, In eIner Menge bis 
zu 30 Gew.-% vorliegen. 

9. Verfahren nach einem der Anspruche 1 bis 8, dadurch gekennzeichnet, dass die Gesamtmenge der Monomeren 
In eInem Umfang von 1,0 bis 50 Gew.-% der MIschung vorliegen. 

10. Verfahren nach eInem der Anspruche 1 bis 8, dadurch gekennzeichnet, dass die Gesamtmenge der Monomeren 
In eInem Umfang von 5,0 bis 30 Gew.-% der MIschung vorliegen. 

11. Verfahren nach eInem der Anspruche 3 bis 10, dadurch gekennzeichnet, dass die Polymerkugelchen aus den 
lonenaustauscher-Harzen behandelt werden, um In den Polymerkugelchen Orte von lonenaustauscher-Harzen 

zu aktivieren. 

12. Verfahren nach Anspruch 11 , dadurch gekennzeichnet, dass die Polymerkugelchen der lonenaustauscher-Har- 
ze entweder der Hydrolyse, der Aminlerung oder der Quaternlslerung untenworfen werden. 

13. Verfahren nach einem der Anspruche 1 bis 12, dadurch gekennzeichnet, dass die disperse Phase ferner ein 
Oder mehrere Porogene enthalt. 

14. Verfahren nach Anspuch 13, dadurch gekennzeichnet, dass die genannten Porogene ausgewah It werden aus 

der Gruppe bestehend aus den aromatischen Verbindungen Toluol und Benzol, den Alkoholen Butanol, Isooktanol, 
Cyclohexanol, Dodekanol, Isoamyl-Alkohol und Methylisobutylkarblnol, den Estern Athylazetat und Butylazetat, 
den gesattlgten Kohlenwasserstoffen n-Heptan, Isooktan, den halogenlslerten Losungsmlttein DIchlorathan und 
Trichlorathylen, und den Weichmachern DIoktylphtalat und DIbutyladlpat, den Polymeren Polystyrol und Polyv- 

nylazetat sowie deren Mischungen. 

15. Verfahren nach Anspruch 13, dadurch gekennzeichnet, dass die genannten Porogene Mischungen von Cyclo- 
hexanol mit Dodekanol oder Toluol sind. 

16. Verfahren nach einem der Anspruche 1 bis 15, dadurch gekennzeichnet, dass das genannte partikelartige Mterlal 
eIn beschwerendes MIttel 1st. 

17. Verfahren nach Anspruch 1 6, dadurch gekennzechnet, dass das feste partikelartige Material aus der Gruppe aus- 
gewahlt ist, die aus Titanoxid, Zirkonoxid, Schwerspat (Baryt), Zinkstein (Kasslterit), Slllzlumdioxld (Kleselerde), 
Alumlnosllikaten, Nickeloxld, Kupferoxid, ZInkoxld und ZInksulfid besteht. 

18. Verfahren nach einem der Anspruche 1 bis 15, dadurch gekennzeichnet, dass das genannte partikelartige Ma- 
terial ein magnetischer Werkstoff ist. 

19. Verfahren nach Anspruch 18, dadurch gekennzeichnet, dass das feste partikelartige Material aus eIner Gruppe 
ausgewahit wird, die aus Gamma-Elsenoxld (Gamma-FegOg, auch unter der Bezelchnung Maghemlte bekannt), 
Magnetit (Fe304) und Chromdioxld besteht. 

20. Verfahren nach einem der Anspruche 1 bis 19, dadurch gekennzeichnet, dass das feste partikelartige Material 
In einem GroBenberelch von wenlger als 1 MIkrometer bis zu 500 MIkrometer llegt. 

21. Verfahren nach einem der Anspruche 1 bis 19, dadurch gekennzeichnet, dass das feste partikelartige Material 
In dem GroBenberelch von 0,1 MIkrometer bis zu 10 MIkrometer llegt. 

22. Verfahren nach euinem der Anspruche 1 bis 21 , dadurch gekennzeichnet, dass die genannte Dispersion ferner 
ein Stabillsierungsmittel enthalt. 

23. Verfahren nach Anspruch 22, dadurch gekennzeichnet, dass das genannte Stabilierungsmittel aus eIner Gruppe 
ausgewahit wIrd, die aus Polyvlnylalkohol, Gelatine, Methylzellulose, und Natrlumpolyacrylat besteht. 

24. Verfahren nach Anspruch 22 oder 23, dadurch gekennzeichnet, dass das genannte Stabillsierungsmittel, bezo- 
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gen auf das Gewicht der gesamten Dispersion, in einer IVIenge von 0,01 bis 5,0 Gew.-% vorliegt. 

25. Verfahren nach Anspruch 22 Oder 23, dadurch gekennzeichnet, dass das genannte Stabilisierugsmittel, bezogen 
auf das Gewicht der gesamten Dispersion, in einer Menge von 0,05 bis 2,0 Gew.-% vorliegt. 

26. Verfaliren nacli einem der Ansprucine 1 bis 25, dadurch gekennzeichnet, dass die genannte Dispersion ferner 
einen Initiator enthalt. 

27. Verfahren naxh Anspruch 26, dadurch gekennzeichnet, dass der Initiator aus einer Gruppe ausgewahit wird, 
die aus Azolsobutyronitri, BInzoylperoxld, Laurylperoxld, t-Butylhydroperoxid besteht. 

28. Verfahren nach Anspruch 26 Oder 27, dadurch gekennzeichnet, dass, bezogen auf das Gesamtgewicht der 
iVIonomeren, der genannte Initiator in einer Menge Im Berelch von 0,01 bis 5,0 Gew.-% vorliegt. 

29. Verfahren nach Anspruch 26 Oder 27, dadurch gekennzeichnet, dass, bezogen auf das Gesamtgewicht der 
iVIonomeren, der genannte Initiator in einer iVIenge im Bereich von 0,1 bis 1 ,0 Gew.-% vorliegt. 

30. Verfahren nach einem der Anspruche 1 bis 29, dadurch gekennzeichnet, dass, bezogen auf das Gewicht aller 
iVIonomeren, das feste partikeiartige IVIaterial in einer IVIenge von 10 bis 30 % vorliegt. 

31. Verfahren nach Inem der Anspruche 1 bis 29, dadurch gekennzeichnet, dass, bezogen auf das Gewicht aller 
Monomeren, das feste partikeiartige Material in einer Menge von 20 bis 100 % vorliegt. 

32. Verfahren nach einem der Anspruche 1 bis 31 , dadurch gekennzeichnet, dass das Dispersionsmittei fester Phase 
in einer Menge von 0,10 bis 30,0 Gew.-%, bezogen auf das feste partikeiartige Material, vorliegt. 

33. Verfahren nach einem der Anspruche 1 bis 31 , dadurch gekennzeichnet, dass das Dispersionsmittei fester Phase 
in einer Menge von 1,0 bis 10,0 Gew.-%, bezogen auf das feste partikeiartige Material, vorliegt. 

34. Verfahren nach Anspruch 33, dadurch gekennzeichnet, dass die Poiymerkugeichen Oder ionenaustauscher- 
Harze einem nachfolgenden Reinigungsschritt unterworfen werden. 

35. Verfahren nach einem der Anspruche 1 bis 34, dadurch gekennzeichnet, dass alle Komponenten der disper- 
glerten Phase vorgemlscht und nachfolgend in einer kontlnuierllchen Phase dispergiert werden. 

36. Verfahren nach einem der Anspruche 1 bis 35, dadurch gekennzeichnet, dass die disperglerte Phase ferner ein 
zah machendes Mittel umfasst. 

37. Poiymerkugeichen, die aus lonenaustauscher-Harzen, makroporosen Kugelchen und deren Kombinationen aus- 
gewahit sind, wobei die Kugelchen eine Polymermatrix aufweisen, die ein festes, partikelartiges Material im We- 
sentlichen gleichformig darin verteilt besitzt, und wobei die Polymermatrix ein dispergierendes Mittel fester Phase 
beinhaltet, das mit der Polymermatrix chemisch reagiert hat. 

38. Poiymerkugeichen, nach Anspruch 37, dadurch gekennzeichnet, dass die genannten Poiymerkugeichen In dem 
GroBenbereich von 30 Mikrometer bis 1000 Mikrometer liegen. 

39. Poiymerkugeichen nach Anspruch 37 oder 38, dadurch gekennzeichnet, dass das partikeiartige Material ein 

magnetischer Werkstoff ist. 

40. Poiymerkugeichen, die aus lonenaustauscher-Harzen, makroporosen Kugelchen und deren Kombinationen aus- 
gewahit sind, wobei die Kugelchen eine Poymermatrix aufweisen, die ein festes partikelartiges Material darIn ver- 
teilt besitzt, wobei die Polymermatrix ein dispergierendes Mittel fester Phase beinhaltet, das mit der Polymermatrix 
chemisch reagiert hat, und wobei die Poiymerkugeichen ein zah machendes Mittel beinhalten. 

41. Poiymerkugeichen nach Anspruch 40, dadurch gekennzeichnet, dass sie in dem GroBenbereich von 30 Mikro- 
meter bis 1000 Mikrometer liegen. 

42. Poiymerkugeichen nach Anspruch 40 oder 41 , wobei das feste partikeiartige Material ein magnestischer Werkstoff 
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ist. 

43. Polymerkugelchen, die gemaB dem Verfahren nacli einem der Anspruche 1 bis 36 hergestellt worden sind. 
Revendications 

1. Precede pour produire des perles polymeres choisles parmi les resines echangeuses d'ions, las paries macropo- 
reuses et leurs combinaisons, iesdites perles incorporant un materiau particuiaire solida, laqual precede consiste 
a produire una dispersion ayant una phase dispersea contanant un ou plusiaurs monomeras at la materiau parti- 
cuiaire solide, et a faire subir auxdits un ou plusieurs monomeres une reaction de polymerisation pour former 
Iesdites perles polymeres, dans lequel ladite dispersion contient en outre un agent dispersant de phase solide 
pour disperser la materiau particuiaire solide dans la phase dispersee et dans lequel ladit agent dispersant de 
phase solide reagit avec le monomere au nombre d'au moins un de fagon adevenir ainsi chimiquement incorpore 
dans Iesdites perles polymeres. 

2. Precede selon la revendication 1 , dans lequel la phase dispersee est une phase organique. 

3. Precede selon la revendication 1 ou 2, dans lequel les perles polymeres sont des resines echangeuses d'ions. 

4. Precede selon la revendication 3, dans lequel les resines echangeuses d'ions sent preduites a partir de monomeres 
reticulables qui sent capables de feurnir des points de reticulation et/eu de monomeres fonctiennels qui sont ca- 
pables de feurnir des greupes fonctiennels echangeurs d'ions. 

5. Precede selon la revendication 4, dans lequel les monomeres reticulables sont choisis dans I'ensemble constitue 

par les monomeras divinyliquas suivants : divinylbanzene, dimethacrylate d'ethyleneglycol ou dimethacrylate de 
polyethyleneglycol ou methylenebis-acrylamide, Tether divinylique d'ethyleneglycol et les composes esters poly- 
vinyliques ayant deux doubles liaisons ou plus. 

6. Precede selon la revendication 4, dans lequel les monomeres fonctiennels sent choisis dans I'ensemble constitue 
par le methacrylate de glycidyle, le chlorure de vinylbenzyle, le methacrylate de dimethylaminoethyle, le N,N- 
dimethylaminopropylacrylamide, le N,N-dimethylaminopropylmethacrylamide, la vinylpyridine, la diallylamine, et 
leurs derives quaternises, le N-vinylfermamide et ses derives hydrelyses. 

7. Precede selon la revendication 4, dans lequel lesdits monomeres fonctiennels sont presents en une quantite de 
10 a 99 % en poids par rapport au total des monomeres, lesdits monomeres reticulables etant presents en une 
quantite de 1 a 90 % en poids par rapport au total des monomeres, et des monomeres supplementaires peuvent 
etre presents en une quantite allant jusqu'a 60 % en poids par rapport au total des monomeres. 

8. Precede selon la revendication 4, dans lequel lesdits monomeres fonctiennels sont presents en une quantite de 
50 a 90 % en poids par rapport au total des monomeres, lesdits monomeres reticulables etant presents en une 
quantite de 1 0 a 50 % en poids par rapport au total des monomeres, et des monomeres supplementaires peuvent 
etre presents en une quantite allant jusqu'a 30 % en poids par rapport au total des monomeres. 

9. Precede selon I'une quelconque des revendications 1 a 8, dans lequel le total des monomeres est present en une 
quantite de 1 ,0 a 50 % en poids du melange. 

10. Precede selon I'une quelconque des revendications 1 a 8, dans lequel le total des monomeres est present en une 
quantite de 5,0 a 30 % en poids du melange. 

11. Precede selon I'une quelconque des revendications 3 a 10, dans lequel les perles polymeres de resines echan- 
geuses d'ions sont traitees pour activer des sites dans les billes polymeres de resines echangeuses d'ions. 

12. Precede selon la revendication 11 , dans lequel les billes polymeres de resines echangeuses d'ions sent traitees 
par I'une parmi I'hydrolyse, Tamination et la quaternisatien. 

13. Precede selon I'une quelconque des revendications 1 a 12, dans lequel la phase dispersee contient en outre un 
ou plusieurs agents perogenes. 
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14. Precede selon la revendication 13, dans lequel lesdits agents porogenes sont choisis dans I'ensemble constitue 
par les composes aromatiques toluene et benzene, -les alcools butanol, isooctanol, cyclohexanol, dodecanol, 
alcool isoamylique et methylisobutylcarbinol, les esters acetate d'ethyle et acetate de butyle, les hydrocarbures 
satures n-heptane, isooctane, les solvants halogenes dichloroethane et trichloroethylene, et les plastifiants phta- 

5 late de dioctyle et adipate de dibutyle, les polymeres polystyrene et poly(acetate de vinyle) ; et leurs melanges. 

1 5. Precede selon la revendication 1 3, dans lequel lesdits agents porogenes sont des melanges de cyclohexanol avec 
du dodecanol ou du toluene. 

10 16. Precede selon I'une quelconque des revendications 1 a 15, dans lequel ledit materiau particulaire solide est un 
agent de charge. 

17. Precede selen la revendication 16, dans lequel ledit materiau particulaire solide est choisi dans Tensembie cons- 
titue par le dioxyde de titane, la zircone, la baryte, la cassiterite, la silice, les aluminosilicates, I'oxyde de nickel, 

15 I'oxyde de cuivre, I'oxyde de zinc et le sulfure de zinc. 

18. Precede selon I'une quelconque des revendications 1 a 15, dans lequel ledit materiau particulaire solide est un 
materiau magnetique. 

20 19. Precede selon la revendication 18, dans lequel ledit materiau particulaire solide est choisi dans I'ensemble cons- 
titue par le y-oxyde de fer (y-FegOg, egalement connu sous le nom de maghemite), la magnetite (Fe304) et le 
dioxyde de chrome. 

20. Precede selen I'une quelconque des revendications 1 a 19, dans lequel ledit materiau particulaire solide a une 
25 taille situee dans la plage allant d'une valeur sous-micronique a 500 |iim. 

21. Precede selen I'une quelconque des revendications 1 a 19, dans lequel ledit materiau particulaire solide estsitue 
dans la plage allant de 0,1 ^im a 10 |Lim. 

30 22. Precede selon I'une quelconque des revendications 1 a 21 , dans lequel ladite dispersion contient en outre un 
agent stabilisant. 

23. Precede selon la revendication 22, dans lequel ledit agent stabilisant est choisi dans I'ensemble constitue par le 
poly(alcool vinylique), la gelatine, la methylcellulose et le poly(acrylate de sodium). 

35 

24. Precede selen la revendication 22 eu 23, dans lequel ledit agent stabilisant est present en une quantite de 0,01 
a 5,0 % en peids de la dispersion tetale. 

25. Precede selon la revendication 22 eu 23, dans lequel ladite agent stabilisant est present en une quantite de 0,05 
40 a 2,0 % en peids par rapport au peids de la dispersion tetale. 

26. Precede selon I'une quelconque des revendications 1 a 25, dans lequel ladite dispersion contient en outre un 
amorceur. 

45 27. Precede selen la revendication 26, dans lequel ledit amorceur est choisi dans I'ensemble constitue par I'azoiso- 
butyronitrile, le peroxyde de benzoyle, le peroxyde de lauroyle et I'hydreperexyde de tert-butyle. 

28. Precede selen la revendication 26 eu 27, dans lequel ledit amorceur est present a raisen de 0,01 a 5,0 % en peids 
par rapport au peids total des monomeres. 

50 

29. Precede selon la revendication 26 ou 27, dans lequel ledit amorceur est present a raisen de 0,1 a 1 ,0 % en peids 
par rapport au peids total des monomeres. 

30. Precede selen I'une quelconque des revendications 1 a 29, dans lequel le materiau particulaire solide est present 
55 en une quantite de 1 0 a 30 % par rapport au peids total des monomeres. 

31. Precede selon I'une quelconque des revendications 1 a 29, dans lequel le materiau particulaire solide est present 
en une quantite de 20 a 100 % par rapport au peids total des monomeres. 
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32. Precede selon Tune quelconque des revendications 1 a 31 , dans lequel ledit agent dispersant de phase solide est 
present en une quantite de 0,10 a 30,0 % en poids du materiau particulaire solide. 

33. Precede selon Tune quelconque des revendications 1 a 31 , dans lequel ledIt agent dispersant de phase solide est 
present en une quantite de 1 ,0 a 10,0 % en poids du materiau particulaire solide. 

34. Precede selon la revendication 33, dans lequel les perles polymeres ou les resines echangeuses d'ions sont 
traitees dans une etape de nettoyage subsequente. 

35. Precede selen Tune quelcenque des revendications 1 a 34, dans lequel tous les composants de la phase dispersee 
sont pre-melanges et ensuite disperses dans une phase continue. 

36. Procede selon Tune quelconque des revendications 1 a 35, dans lequel ladite phase dispersee contient en outre 

un agent de tenacite. 

37. Perles polymeres choisies parmi les resines echangeuses d'ions, les perles macroporeuses et leurs combinaisons, 
lesdites perles comprenant une matrice polymere ayant un materiau particulaire solide disperse pratiquement 
uniformement dans celle-ci, et dans lesquelles la matrice polymere incorpore un agent dispersant de phase solide 
ayant chimiquement reagi dans la matrice polymere. 

38. Perles polymeres selon la revendication 37, dans lesquelles lesdites perles polymeres ont une taille situee dans 
la plage allant de 30 |Lim a 1 000 |Lim. 

39. Perles polymeres selon la revendication 37 ou 38, dans lesquelles le materiau particulaire solide est un materiau 
magnetique. 

40. Perles polymeres choisies parmi les resines echangeuses d'ions, les perles macroporeuses et leurs combinaisons, 
lesdites perles comprenant une matrice polymere ayant un materiau particulaire solide disperse dans celle-ci, 
dans lesquelles la matrice polymere incorpore un agent dispersant de phase solide ayant chimiquement reagi 
dans la matrice polymere et dans lesquelles les perles polymeres incorporent un agent de tenacite. 

41. Perles polymeres selon la revendication 40, dans lesquelles lesdites perles polymeres ont une taille situee dans 
la plage allant de 30 |Lim a 1 000 |Lim. 

42. Perles polymeres selon la revendication 40 ou 41 , dans lesquelles le materiau particulaire solide est un materiau 
magnetique. 

43. Perles polymeres produites conformement au procede de I'une quelconque des revendications 1 a 36. 
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FIG 1A 



FIG1B 
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FIG 2B 
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FIG 3A 
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